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Background: The gene for chromodomain helicase/ATPase DNA binding protein 1 -like (CHD1L) 
was recently identified as a target oncogene within the 1q21 amplicon, which occurs in 46% to 
86% of primary hepatocellular carcinoma (HCC) cases. However, the prognostic significance of 
CHD1L in HCC remains uncertain. In this study, we investigated the roles of CHD1L in the prog- 
nosis of HCC. Methods: We investigated the expressions of CHD1L in tumor tissue microarrays 
of 281 primary HCC patients who underwent surgical resection using immunohistochemistry. 
Prognostic factors of HCC were examined by univariate and multivariate analyses. The median 
follow-up period was 75.6 months. Results: CHD1L expression was observed in 48 of the 281 
HCCs (1 7.1 %). CHD1 L expression was associated with a younger age (p = 0.033), higher Edmond- 
son grade (p = 0.019), microvascular invasion (p< 0.001), major portal vein invasion (p = 0.037), 
higher American Joint Committee on Cancer T stage (p= 0.001), lower albumin level (p= 0.047), 
and higher a-fetoprotein level (p=0.002). Multivariate analyses revealed that CHD1L expression 
(p = 0.027), Edmondson grade III (p= 0.034), and higher Barcelona Clinic Liver Cancer stage (p< 
0.001) were independent predictors of shorter disease-free survival. Conclusions: CHD1 L expres- 
sion might be a prognostic marker of shorter disease-free survival in HCC patients after surgical 
resection. 
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The prognosis of hepatocellular carcinoma (HCC) remains 
poor mainly because of high recurrence rates even after surgical 
resection. 1 Tumor recurrence complicates more than 70% of 
cases at five years. 2 Many signaling pathways and molecules are 
involved in HCC carcinogenesis. Molecules involved in cancer 
progression might serve as markers for early detection of recur- 
rence and metastasis after surgical resection. 3 Given the high 
rates of HCC recurrence, a critical need exists to identify pa- 
tients at high-risk of recurrence and to develop more effective 
and targeted treatment strategies to improve patient outcomes. 

The chromodomain helicase/ATPase DNA binding protein 
1-like gene (CHD1L; previously called amplified in liver cancer 
1 gene) was recently identified as a target oncogene within the 
lq21 amplicon, 4 which occurs in 46% to 86% of primary HCC 
cases. 5,6 CHD1L belongs to the sucrose nonfermenting 2 (SNF2)- 
like subfamily of the SNF2 family. 7 SNF2 proteins stabilize or 
perturb protein-DNA interactions by using the energy released 
by their DNA-dependent ATPase activity and play important 
roles in transcriptional regulation, maintenance of chromosome 



integrity, and DNA repair. 8 Ma et al. A reported that amplifica- 
tion of CHD1L at the genomic level and overexpression of 
CHD1L at the protein level were detected in 50.6% (86/170) 
and 52.4% (163/311) of informative HCC tissues, respectively. 
Ma et al. also reported that CfJDIL-transfected cells possessed 
a strong oncogenic ability. 4 Recent studies showed that CHD1L 
expression was significantly associated with venous infiltration, 
microsatellite tumor nodule formation, advanced tumor stage, 
poor disease-free survival (DFS), and poor overall survival. 910 
However, the prognostic significance of CHD1L expression in 
HCC remains uncertain. In this study, we investigated the ex- 
pression of CHD1L to evaluate the prognostic roles in HCC pa- 
tients with long-term follow-up and extensive information on 
cli nicopathologic characteristics . 

MATERIALS AND METHODS 

Patients and histopathology 

A total of 281 primary HCC tissues were collected from pa- 
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tients who were treated with surgical resection at Samsung Me- 
dical Center, Seoul, Korea from July 2000 to May 2006 (age, 
52.6 years; range, 17 to 76 years; 232 males and 49 females). 
Surgical resection margins were free of tumor. Two hundred 
and eleven (75.1%) patients were infected with hepatitis B and 
30 (10.7%) with hepatitis C. No viral marker was recognized 
in 40 (14.2%) patients. None of the patients received preopera- 
tive chemotherapy. This study was approved by the Institution- 
al Review Board of Samsung Medical Center. Tissue samples 
were fixed in 10% formaldehyde and embedded in paraffin for 
histopathologic examination. Histopathologic features of HCCs 
examined were tumor size, histological differentiation, micro- 
vascular invasion, major portal vein invasion, intrahepatic me- 
tastasis, multicentric occurrence, and non-tumor liver patholo- 
gy. Differentiation was graded histologically using Edmondson 
and Steiner's criteria. 11 Microvascular invasion was considered 
present when at least one or more endothelial cells or the tunica 
media of the vessel surrounded a neoplastic cell group. Intrahe- 
patic metastasis and multicentric occurrence were defined ac- 
cording to previously reported criteria. 12 Stage was determined 
according to both the American Joint Committee on Cancer 
(AJCC) 13 and the Barcelona Clinic Liver Cancer (BCLC) staging 
classification. 14 

We followed up all patients every three months after surgery 
until December 31, 2010. Serum a-fetoprotein levels were eval- 
uated and three phase dynamic computed tomography scans 
were performed. When tumor recurrence was suspected, precise 
diagnostic imaging was performed using magnetic resonance 
imaging. DFS was defined from the date of resection until the 
detection of both intrahepatic and extrahepatic recurrence. We 
chose HCC-related mortality (disease-specific death) as the clin- 
ical endpoint for survival analysis, defined as: 1) tumor occupy- 
ing more than 80% of the liver, 2) portal venous tumor throm- 
bus (PVTT) proximal to the second bifurcation, 3) obstructive 
jaundice due to the tumor, 4) distant metastases, or 5) variceal 
hemorrhage with PVTT proximal to the first bifurcation. 15 The 
median follow-up period was 75.6 months (range, 1.7 to 126.9 
months). Tumor recurrence was detected in 185 patients (65.8%), 
and 99 (35.2%) died of HCC. Thirty of the 129 deaths in this 
study were due to non-HCC causes. 

Tissues with dysplastic nodule (DN), a precancerous lesion of 
HCC (n = 28) were included, and DNs were subdivided into 
low-grade DN and high-grade DN according to the Interna- 
tional Working Party guideline. 16 



Preparation of tissue microarrays and 
immunohistochemistry 

All histologic sections were examined by two pathologists 
(CK.P. and SA.) and representative tumor areas free from ne- 
crosis or hemorrhage were pre-marked in formalin-fixed paraf- 
fin-embedded blocks. Two 2.0-mm-diameter tissue cores were 
obtained from donor blocks and arranged in recipient paraffin 
blocks. Two cores of normal liver tissue from 12 patients with 
metastatic colonic carcinoma of the liver were included in each 
array block. Each tissue array block contained up to 60 tissue 
cores. 

Horseradish peroxidase staining was used to visualize anti- 
gens on consecutive 4-um thick sections. Sections were deparaf- 
finized, hydrated, and immersed in peroxidase-blocking solu- 
tion (Dako, Glostrup, Denmark) to inhibit endogenous peroxi- 
dase. For antigen retrieval, microwave pretreatment was per- 
formed with a 0.01 mol/L citrate buffer (pH 6.0) for 30 min- 
utes. Sections were incubated overnight at 4°C with mouse 
monoclonal antibody to CHD1L (1 : 50, ab51324, Abeam Inc., 
Cambridge, MA, USA). Sections were then incubated in Dako- 
REAL EnVision/HRP rabbit/mouse detection reagent (Dako) 
for 20 minutes at room temperature. Staining was visualized 
using the diaminobenzidine color substrate. The slides were 
counterstained with Mayer's hematoxylin. The positive control 
(human normal kidney) showed intense nuclear CHD1L ex- 
pression in epithelial cells of convoluted tubules while no imm- 
noreactivity was observed in tissue sections used as negative 
controls where the primary antibody was replaced by an iso- 
type-matched irrelevant antibody. To validate the concordance 
between tissue microarrays and whole tumor sections, we used 
immunohistochemistry to detect the expression of CHD1L in 
40 corresponding whole tumor sections randomly chosen from 
the 281 cases. 

Evaluation of immunohistochemical staining 

To assess the positivity of immunostaining, only nuclear 
staining was regarded as positive. We used a scoring method 
based on intensity and proportion of stained cells following a 
previous report. 17 The percentage of positive tumor cells was 
determined semi-quantitatively and each sample was scored on 
a scale of 0-4 (0, < 1%; 1, 1-25%; 2, 26-50%; 3, 51-75%; 4, 
76-100%). Staining intensity was determined as 0 (negative), 1 
(weak), 2 (moderate), and 3 (strong). The immunoreactive score 
of each tumor was calculated by the sum of these two parame- 
ters. The total score was graded as negative (total score; 0-1) or 
positive (total score; 2-7). All stained sections were assessed by 
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two independent pathologists (CK.P. and J.H.) without knowl- 
edge of clinicopathologic features, and any differences in inter- 
pretation were resolved by consensus. Duplicate tissue cores for 
each tumor showed high levels of homogeneity for both inten- 
sity and proportion of stained cells. In cases of differences be- 
tween duplicate tissue cores, the higher score was taken as the 
total score. 

Statistical analysis 

Statistical analyses were performed using SPSS software (SPSS 
Inc., Chicago, IL, USA). Chi-square and Fisher's exact tests were 
used for comparisons of categorical variables. Kaplan-Meier 
plots and log-rank tests were used for survival analysis. Univari- 
ate and multivariate analyses were based on the Cox propor- 
tional hazards regression model, p-values less than 0.05 were 
regarded as statistically significant. 

RESULTS 

CHD1 L protein expression in HCC 

In HCC, immunoreactivity for CHD1L was observed only in 
the nuclei of cancer cells. No immunoreactivity was found in 
hepatocytes, bile ducts, or stromal cells in normal liver tissues. 
CHD1L protein expression was observed in 48 (17.1%) of the 
281 HCCs (Fig. 1A). CHD1L expression was significantly asso- 
ciated with a younger age (p = 0.033), higher Edmondson grade 
(p = 0.019), microvascular invasion (p < 0.001), major portal vein 
invasion (p = 0.037), higher AJCC T stage (p = 0.001), lower al- 
bumin level (p = 0.047), and higher a-fetoprotein level (p = 0.002) 
(Table 1). All 28 DNs showed no nuclear immunoreactivity for 



CHDlL(Fig. IB). 

Survival analysis 

The DFS and disease-specific survival (DSS) rates for the 281 
HCCs were 42.0% and 77.6% at 3 years, 35.9% and 70.6% at 
5 years, 29.4% and 66.2% at 7 years, and 27.8% and 59.7% at 
9 years, respectively. On univariate analyses, larger tumor size, 
Edmondson grade III, microvascular invasion, major portal vein 
invasion, intrahepatic metastasis, higher AJCC T stage, higher 
BCLC stage, lower albumin level, and higher a-fetoprotein lev- 
el showed unfavorable influences on DFS and DSS (Table 2). 
The 5-year DFS rate of the CHDIL-positive group was signifi- 
cantly lower than that of the CHDIL-negative group (23.1% 
vs. 38.4%, p = 0.015) (Fig. 2A). The median DFS of CHDIL- 
positive group and CHDIL-negative group were 59-7 months 
and 72.8 months, respectively. However, CHD1L expression 
was not a significant prognostic factor for DSS (p = 0.202) (Fig. 
2B). The 5-year DSS rate of the CHDIL-positive group and 
CHDIL-negative group were 59-7% and 72.8%, respectively. 

As tumor size, microvascular invasion, major portal vein in- 
vasion, intrahepatic metastasis, multicentric occurrence, AJCC 
stage, and albumin serum level were associated with BCLC stage, 
we did not enter these into multiple analyses with the indices 
to avoid potential bias. An evaluation of the significant weight 
of serum a-fetoprotein level was not performed due to missing 
data (n= 270). On multivariate analyses, Edmondson grade III 
(p = 0.034), higher BCLC stage (p< 0.001), and CHD1L ex- 
pression (p = 0.027) were independent predictors of shorter 
DFS. CHDIL-positive patients were more likely to suffer from 
recurrence than CHDIL-negative patients (hazard ratio, 1.534). 




Fig. 1 . Immunostaining of CHD1 L showing (A) nuclear expression in hepatocellular carcinoma and (B) no nuclear expression in dysplastic 
nodule (horseradish peroxidase stain). 
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Table 1 . Correlation of CHD1 L expression with clinicopathologic features in 281 hepatocellular carcinomas 



Variables 


n 


OHD1 L expression 


p-value 


Variables 


n 


GHD1 L expression 


p-value 


Age (yr) 






0.033 


AJCC T stage 






0.001 


<55 


160 


34 (21 .3) 




1 


118 


10(8.5) 




>55 


121 


14(11.6) 




2 


114 


26 (22.8) 




Gender 






0.159 


3 


43 


8(18.6) 




Male 


232 


43 (18.5) 




4 


6 


4 (66.7) 




Female 


49 


5(10.2) 






BCLC stage 






0.487 


Tumor size (cm) 






0.601 


0-A 


158 


27 (17.1) 




<5.0 


184 


33 (17.9) 




B 


109 


16(14.7) 




>5.0 


97 


15(15.5) 




C 


14 


5 (35.7) 




Edmondson grade 






0.019 


Albumin level (g/dL) 






0.047 




26 


1 (3.8) 




>3.5 


251 


39 (15.5) 




II 


194 


32 (16.5) 




<3.5 


30 


9(30) 




III 


61 


15(24.6) 






AFP level (ng/mL) 






0.002 


Microvascular invasion 






< 0.001 


<200 


168 


19(11.3) 




(-) 


126 


10(7.9) 




>200 


102 


26 (25.5) 




(+) 


155 


38 (24.5) 




Etiology 






0.553 


Major portal vein invasion 






0.037 


Non-viral 


40 


5(15.5) 




(-) 


269 


43 (16) 




HBV 


211 


39 (18.5) 




(+) 


12 


5 (41 .7) 




HCV 


30 


4(13.3) 




Intrahepatic metastasis 
(-) 
(+) 


214 
67 


32 (15) 
16(23.9) 


0.090 




Liver cirrhosis 
(-) 
(+) 


140 
141 


19(13.6) 
29 (20.6) 


0.119 


Multicentric occurrence 
(-) 
(+) 


262 
19 


45 (17.2) 
3(15.8) 


1.000 



Values are presented as number (%). 

AJCC, American Joint Committee on Cancer; BCLC, Barcelona Clinic Liver Cancer; AFP, a-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus. 
Table 2. Univariate analyses of disease-free survival and disease-specific survival in 281 hepatocellular carcinomas 



Variables 






Disease-free survival 


Disease-specific survival 




HR (95% CI) 


p-value 


HR (95% CI) 


p-value 


Tumor size (cm) 


<5.0 






0.001 




< 0.001 




>5.0 


1.690 


(1.258-2.271) 




2.893 (1 .947-4.298) 




Edmondson grade 


l+ll 
III 


1.866 


(1.343-2.592) 


< 0.001 


2.106(1 .376-3.224) 


0.001 


Microvascular invasion 


(-) 






< 0.001 




< 0.001 




(+) 


2.181 


(1 .616-2.943) 




3.106(1.983-4.865) 




Major portal vein invasion 


(-) 






< 0.001 




< 0.001 




(+) 


4.010 


(2.169-7.414) 




7.364(3.765-14.401) 




Intrahepatic metastasis 


(-) 






< 0.001 




< 0.001 




(+) 


4.523 


(3.279-6.240) 




5.647 (3.770-8.459) 




Multicentric occurrence 


(-) 






0.365 




0.285 




(+) 


1.311 


(0.729-2.358) 




0.579(0.213-1.575) 




AJCC T stage 


1 






< 0.001 




< 0.001 




2+3+4 


2.220 


(1.638-3.008) 




3.129 (1 .974-4.961) 




BCLC stage 


0+A 






< 0.001 




< 0.001 




B+C 


2.082 


(1.558-2.783) 




3.628 (2.392-5.504) 




Albumin level (g/dL) 


>3.5 






0.010 




0.002 




<3.5 


1.780 


(1.148-2.760) 




2.346(1 .370-4.019) 




AFP level (ng/mL) 


<200 






0.003 




0.038 




>200 


1.576 


(1.172-2.120) 




1.536 (1.025-2.300) 




Etiology 


Non-viral 






0.023 




0.121 




Viral 


1.400 


(1 .047-1.871) 




1.677(0.872-3.226) 




Liver cirrhosis 


(-) 






0.003 




0.594 




(+) 


2.128 


(1 .291-3.508) 




1.113(0.751-1.651) 




CHD1L 


(-) 






0.016 




0.204 




(+) 


1.573 


(1 .087-2.274) 




0.375(0.841-2.246) 





HR, hazard ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer; BCLC, Barcelona Clinic Liver Cancer; AFP, a-fetoprotein. 
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Fig. 2. Kaplan-Meier analysis of (A) disease-free survival and (B) disease-specific survival for CHD1L expression in 281 hepatocellular carci- 
nomas. 

Table 3. Multivariate analyses of disease-free survival and disease-specific survival in 281 hepatocellular carcinomas 



Variables 




Disease-free survival 




Disease-specific survival 




HR (95% CI) 


p-value 


HR (95% CI) 


p-value 


Edmondson grade 


l+ll 
III 


1 .455 (1 .029-2.057) 


0.034 


1.527(0.980-2.380) 


0.062 


BCLC stage 


0+A 
B+C 


1.974 (1 .461-2.665) 


<0.001 


3.465(2.259-5.315) 


<0.001 


CHD1L 


(-) 

(+) 


1.534(1 .051-2.240) 


0.027 


1 .442 (0.870-2.390) 


0.155 



HR, hazard ratio; CI, confidence interval; BCLC, Barcelona Clinic Liver Cancer. 



Higher BCLC stage was an independent predictor of shorter 
DSS (p< 0.001). However, CHD1L expression was not an inde- 
pendent predictor for DSS (p = 0. 155) (Table 3). 

DISCUSSION 

During HCC progression, regional chromosomal gain is a 
major mechanism in the activation of proto-oncogenes. A lq 
gain is one of the most frequently detected alterations in HCC 
and has been suggested as an early genomic alteration during 
HCC progression. 18 Amplification of lq21 has been associated 
with HCC metastasis. 19 CHD1L, a lq21 target gene, is ampli- 
fied and overexpressed in HCC cases. 4 The molecular mecha- 
nism of CHD1L in HCC tumorigenesis has been associated 
with its role in promoting cell proliferation. 4 ' 20 Both in vitro and 
in vivo functional studies found that CHD1L upregulated AR- 
HGEF9 transcription, which subsequently increased Cdc42 ac- 



tivity, causing filopodia formation, epithelial-mesenchymal 
transition, and finally HCC invasion and metastasis. 9 Amplifi- 
cation of lq has also been frequently detected in other human 
cancers, including biliary tract cancer, 21 gastric cancer, 22 and 
breast cancer, 23 which suggests that CHD1L plays an important 
role in cancer progression in many human cancers. 

In the present study, no nuclear immunoreactivity for CHD1L 
was observed in normal liver or DN tissues. CHD1L expression 
might not be an early event in HCC carcinogenesis. CHD1L 
expression in HCC was significantly associated with microvas- 
cular invasion, major portal vein invasion, and higher AJCC T 
stage. These findings were consistent with previous reports. 9,10 
Chen et al? reported that increased expression of CHD1L was 
detected in 34 of 50 (68%) metastatic HCCs compared with 
their paired primary HCCs. We collected a large number of 
clinical HCC tissues with long-term follow-up data and exten- 
sive information on clinicopathologic characteristics. Thus, we 
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were able to determine the roles of CHD1L on patient survival 
independent of other prognostic factors of clinical outcome. As 
a result, CHD1L was an independent predictor of shorter DFS. 
A recent study showed that the DFS rate significantly decreased 
in the CHDIL-positive group compared with the CHDlL-ne- 
gative group. 9 CHD1L expression status might be correlated 
with progression and poor prognosis of HCC. In this study, 
CHD1L expression was not an independent predictor for DSS. 
Chen et al. 10 reported that CHD1L expression was significantly 
associated with worse overall survival of HCC patients. Differ- 
ent clinical variables (e.g., overall survival vs. DSS), case num- 
ber, and racial differences may have resulted in the discrepancy 
between this previous study 10 and ours. 

Our findings indicate that CHD1L is a marker for poor prog- 
nosis of HCC after surgical resection, and could help clinicians 
identify patients at high-risk of recurrence and enable them to 
administer adjuvant therapy after surgery. CHD1L could be 
used as an immunohistochemical biomarker to detect patients 
with a high-risk of recurrence. Moreover, undetectable expres- 
sion of CHD1L in normal liver tissues suggests that targeting 
CHD1L for HCC therapy may not damage liver tissue. 

This study demonstrates for the first time that CHD1L ex- 
pression is an independent predictor of shorter DFS in HCC 
patients after surgical resection. Further studies are needed to 
identify its roles in the progression and prognosis of HCC. 
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